Interleukin-15 (IL-15) is a pleiotropic cytokine which regulates the proliferation, survival and the secretory activities of many distinct cell types in the body. This cytokine is produced by macrophages and many other cell types in response to infectious agents; it controls growth and differentiation of T and B lymphocytes, activation of Natural Killer (NK) and phagocytic cells, and contributes to the homeostasis of the immune system. The present review focuses on the biological and modulatory effects of IL-15 in microbial infections and shows that this cytokine may play a role in the host defense against infections by inducing activation of effector cells from both innate and adaptive immune system.
INTRODUCTION
Interleukin-15 (IL-15) was originally discovered as a T cell stimulatory agent present in the culture supernatant of a simian kidney epithelial cell line. Biologically active IL-15 was characterized as being able to support proliferation of an Interleukin-2 (IL-2)-dependent murine cell line (22) . A special feature of IL-15 is that it shares important functional attributes with IL-2, including enhanced proliferation, survival and differentiation of many distinct cell types as NK, T and B cells (2, 9, 12) .
Whereas the extensively studied IL-2 is mainly produced by activated T cells, IL-15 mRNA is constitutively expressed by a large variety of cell types and tissues, including monocytes/macrophages, dendritic cells, and many other non-lymphoid tissues including placenta, skeletal muscle and epithelial and fibroblast cell lines (22, 39, 43) .
Three distinct high-affinity IL-15 R (α, α+β and α+β+γ) and one intermediate-affinity IL-15 receptor (β+ γ) have been described (9) . From those three chains, only α is private for IL-15 binding, being, however, structurally related to IL-2Rα;β and γ chains are shared with IL-2 (21) . In addition, the unique α-chain (IL-15Rα) exists in eight isoforms (55) . The γ- chain receptor is also shared by several other cytokines, such as IL-4, IL-7, IL-9 and IL-21, all of which use additional private receptor subunits responsible for the specificity of binding and/or downstream signaling (33) . These shared receptor subunits explain the existing functional similarities between IL-2 and IL-15. Budagian et al. (8) and Mortier et al. (42) recently demonstrated that murine and human IL-15Rα not only exist in membrane bound, but also in a soluble form. In both species, natural sIL15Rα is constitutively generated from the transmembrane receptor through a proteolytic cleavage and this process is further enhanced by certain chemical agents such as phorbol myristate acetate (PMA). Cell-membrane expression of IL-15 might be crucial in mediating extracellular function rather than cytokine secretion and, in part, explains the difficulty to detect soluble IL-15 in biological systems (55) .
IL-15-mediated signaling is better characterized in T lymphocytes and in these cells it results in the activation of Janus kinases (JAK). The β chain recruits JAK1 whereas γ chain activates JAK3, which in turn results in the phosphorylation and activation of transcription factors known as signal transducers and activators of transcription (STAT) 3 and STAT5, respectively (27) . Phosphorylated-STAT transcription factors Dis., 2007, 13, 3, p. 564 translocate to the nucleus where they bind to DNA-regulatory elements and activate gene expression (32) . Additional signaling pathways activated by IL-2 and IL-15 involve the phosphorylation of the Src family tyrosine kinase. More recently, it was demonstrated that the IL-15Rα is also capable of signaling through activation of Syk kinase (48) .
Even though they present many overlapping functional properties, IL-2 and IL-15 have distinct roles in the immune system. Whereas IL-2 is mainly produced by activated T cells and operates as a key modulator of T-cell-dependent adaptive immune responses, IL-15 mRNA is constitutively expressed by a large variety of cell types and seems to serve to a much broader spectrum of bio-regulatory purposes. It is a cytokine of innate immunity (46) that exerts modulation of selected adaptive immune responses (34, 53) .
Physiological functions of IL-15 reach a wide variety of cell populations. Effects on different non-immune cell types are well known and were recently reviewed by Budagian et al. (9) . In the present review, we will describe only its main biological activities on cells from innate and specific immunity. IL-15 has a clear impact on neutrophil function; it enhances human neutrophil phagocytosis, stimulates IL-8 and IL-1R antagonist secretion and also inhibits neutrophil apoptosis (7, 14, 37, 48) . In human eosinophils, IL-15 induces production of granulocyte-macrophage colonystimulating factor (GM-CSF) and reduces apoptosis by up-regulating the autocrine production of GM-CSF and NF-kB activation (24) . Similarly to the stem cell factor and IL-3, IL-15 can also serve as a growth factor for mast cells (49) . Monocyte and macrophage cell lineages answer to stimulation with IL-15 by increasing phagocytosis and microbial clearance (17, 38, 54) IL-15 also affects development, maintenance and activation of the cells responsible for the primitive immunity such as NK and γδT cells (11, 45) . Endogenous production of IL-15 by human monocytes is required for the optimal production of IFN-γ by NK cells. These cells appear to be critical in the defense against many pathogens by supplying IFN-γ, which remains the prototypic monocyte-activation factor for virtually all anti-microbial and anti-parasitic activities (26) , after activation by monocytederived cytokines such as TNF-α and IL-12 (12) . These effects over the innate immunity seem to mediate, at least partially, the increased anti-infectious activity of this cytokine that we will be referring latter in this review.
Several lines of evidence also indicated an essential role of IL-15 in modulating B cell activities. This cytokine stimulates proliferation of anti-IgM and PMA-activated B cells and the production and secretion of IgA, IgG1 and IgM (2) . In addition, IL-15 has the ability to inhibit apoptosis induced by different stimuli in human and mouse B lymphocytes (10) . These effects over survival and proliferation on B cells seem to be associated with the direct production of this cytokine by follicular dendritic cells in germinal centers (47) .
The importance of IL-15 for T lymphocyte development and homeostasis, and for memory CD8+ T cell and NK cell development, maintenance and activities has been well reviewed in literature (6, 34, 35, 53 ).
An immunological event considered fundamental to control many infectious diseases is the initial IFN-γ production. Even though IL-12 appears to be a pivotal cytokine for IFN-γ production by NK cell, co-stimulation with IL-15 seems to be required for its optimal production (12) . Hence, IL-15 in synergy with IL-12 could induce Th1 response by αβT cells against microbial infections, especially intracellular parasites (57) . Therefore, IL-15 and IL-12 produced by activated human monocytes may be important determinant for IFN-γ production by NK cells, essential to the development of an effective innate immune response against infections, before activation of antigen-specific T cells (13) . Thus, innate immune response serves not only to provide immediate protection against a variety of agents but also to activate adaptive immune response through cellular interactions and cytokine production.
MODULATORY EFFECT OF IL-15 ON HOST RESPONSE TO MICROORGANISMS
A few reports are available on the role of IL-15 in the host response to infection. These results suggest that IL-15 may be involved in resistance to infections throughout IFN-γ production by NK cells (25) .
CONCLUSIONS AND PERSPECTIVES
IL-15 is a pleiotropic and multifunctional cytokine that has a diverse array of distinct biological effects in the body. IL-15 is especially produced by monocytes/macrophages against infectious agents, being an important proinflammatory cytokine that induce phagocytic cell activation against pathogens. As 
